Water pollution has been a significant issue in the Huai River Basin (HRB) of China since the late 1970s. From December 2012, five experiments were carried out along the main streams of the HRB. The monitoring indices contained physicochemical variables, habitat environmental indicators and the community structure of phytoplankton, zooplankton and zoobenthos. The correlations between species diversity and physicochemical variables were analyzed using cluster analysis, correlation analysis method and redundancy analysis method. Results indicated that the species diversities of the Shaying River's upstream and Huai River's mainstream were better than the Shaying River's midstream and downstream. All the sections were divided into five clusters, and different clusters were affected by different physicochemical factors. Dissolved oxygen (DO), habitat quality index (HQI) and chemical oxygen demand (COD Cr ) were the main factors affecting the species diversity of the Shaying River's upstream; total phosphorus (TP), total nitrogen (TN), ammonia nitrogen (NH 4 -N), COD Cr and permanganate index (COD Mn ) had a great influence on the Shaying River's midstream and downstream;
INTRODUCTION
With the rapid growth of populations and the development of economies, mankind has carried out large-scale sluice and dam construction to develop water conservancy. However, this also has a variety of impacts on ecosystems, some of which are very sensitive, lasting and irreversible, the most important factor affected being ecological diversity. Globally, biodiversity ecosystems are under serious threat as a result of rapid population growth and increased human activities (Hill et al. ) .
The most unusual feature of life on Earth is its diversity (Cardinale et al. ) . The biological characteristics of a freshwater ecosystem are defined by the interrelationships between the entire complex of plants and animals living in water bodies and the physical and chemical conditions of organisms and water bodies and their catchment areas.
These conditions are mainly influenced by climate, geographical location and type of water bodies (Kumar et al. ) . Species are an important part of the ecosystem, and they provide the basic transfer of energy flow and information in material circulation and the ecosystem. When ecosystems lose some species, this can lead to imbalance in ecosystem functions, and even affect the survival and development of humankind. Biodiversity is crucial in ecosystem structure and processes, and the diversity of tribute species, which has complex ecosystem functions, is an important However, because species diversity is influenced by different factors in different regions, the relationship between species diversity and impact factors cannot be fixed and applied to different periods and regions. Currently, these relationships are still at the exploration stage, and only to be given more attention in the HRB, along with the implementation of ecological conservation in China.
The specific objectives of this paper were as follows: (i) to analyze the temporal-spatial variations of species diversity;
(ii) to detect the relationship between species diversity and impact factors. These results provide valuable information for policy decision-makers and stakeholders in river ecosystem health assessment, water ecosystem restoration, and sustainable watershed management in the HRB.
MATERIALS AND METHODS

Study area
The Huai River (30 55 0 -36 36 0 N; 111 55 0 -121 25 0 E) is the sixth largest river in China and has many tributaries. The Shaying River is the largest and most seriously polluted tributary of the Huai River (Zuo & Li ) . We examined the phytoplankton, zooplankton and zoobenthos communities and water quality conditions of the Shaying River and upper reaches of Bengbu Sluice in the Huai River (32 57 0 -33 42 0 N; 112 41 0 -117 17 0 E). The schematic of the study area and ten sections is shown in Figure 1 . 
Aquatic organism sampling and identification
Phytoplankton sampling and identification
Water samples were collected in the 1,000 mL plastic bottles at about 0-2 m below the water surface, and Table 1 .
Zooplankton sampling and identification
Water samples were collected in organic glass products about 0-2 m below the water surface, and a water specimen (50-100 mL) was obtained by 25 biological net (200 mesh) filtering water (50-100 L), then Table 2 .
Zoobenthos sampling and identification
A clam bucket collector or D-frame net was used to collect sediment samples. The samples were washed with water by a 60 mesh filter, and then the zoobenthos was picked out and fixed in 75% alcohol solution. The changes of total density and species number of zoobenthos are shown in Table 3 .
Sampling and detection of physicochemical variables
We measured water physicochemical indices in situ: water temperature (WT), pH, dissolved oxygen (DO), oxidationreduction potential (ORP), and electrical conductivity (EC), using HACH HQ 30d and Hydrolab DS5. Meanwhile, water samples were collected with 1,000 mL plastic bottles, and NH 4 -N, COD Mn , COD Cr , total phosphorus (TP), and total nitrogen (TN) were quantified in the laboratory immediately. Sample collection and testing methodologies were as provided in Water and Waste Water Monitoring Analysis Method (4th edition). Water physicochemical indices are shown in Table 4 .
Environmental indicators of river habitats
The habitat quality was evaluated from ten parameters including substrate, habitat complexity, velocity-depth combination, bank stability, channel alteration, stream flow conditions, vegetation diversity, water quality conditions, the intensity of human activities and riverside land use.
The habitat quality index (HQI) was calculated by the accumulative sum method, and the full score of ten indicators was 200 points (An et al. ) . The HQI values are shown in Table 5 . 
Methods
Species diversity analysis method
The biodiversity index is used to indicate the changes of community structure and reflect the changes in ecological status.
We employed the commonly used Shannon-Wiener index (H ) to estimate aquatic community diversity (Shannon ):
where H is species diversity; N i refers to the number of i Unit of water temperature (WT) is degrees Celsius, oxidation reduction potential (ORP) is mV, electrical conductivity (EC) is μs cm À1 , pH has no unit, and the rest are all in mg L À1 . 
Redundancy analysis method
Species diversity and environmental factors were used to estimate sorting axial gradient length by detrended correspondence analysis. The results showed that the lengths of gradient 
RESULTS AND DISCUSSION
Regional distribution of species diversity
Shaying River upstream
As can be seen from Based on the results of CA (as shown in Figure 2) , the D1 and D3 sections were in the same cluster, which was because they were both river habitats, and the river morphology and riverbank type were relatively close.
However, the D3 section was in Luohe City with significant human effects, so the species diversities were worse than in the D1 section.
Shaying River midstream and downstream
The species diversities were poor in each section of Shaying River midstream and downstream, which was mainly due to serious river channelization and poor river channel bending (Allan & Flecker ; Dong ) . In the first experiment, the species diversity of the D5 section was the worst (1.53).
In general, the change of species diversity in the D5 section was not very obvious, the range being 1.53-1.9, because the gates of the sluices were closed, and the river habitat conditions did not change significantly in each experiment, but a low flow was discharging (67 m 3 s À1 ) in the third experiment, so it had better flow conditions. Compared with the D5 section, the species diversities of the D4 section were relatively higher, especially in the third experiment. There were many kinds of organisms (phytoplankton: 32 species, zooplankton: nine species, zoobenthos: seven species), and the species were well distributed.
Huai River mainstream
The species diversity of the three sections of the Huai River mainstream was worse than that of Shaying River upstream.
The main reason was that the Huai River mainstream had embankments or slope protection, and the river channel was very straight, resulting in a reduction in the heterogeneity of the river habitat (Bis et al. ) . The species diversity indices of the D8 and D10 sections varied sharply, in that the variation range of the D8 section was 1.3-2.14 and that of the D10 section was 1.36-2.74, and this was mainly because these sections were located downstream of the sluices and were affected by sluice regulation. But the changes of species diversity were not obvious in the D9 section (1.5-1.98), which is the mainstream section in the Huai River, and the influence of sluice and dam was bitty, which can provide more stable habitat conditions. In the fourth experiment. species diversity was the worst (only 1.5).
Impact factors of species diversity
Shaying River upstream
The ordering results of ecological and environmental factors are shown in Figure 3 . In the fourth experiment, H and HQI present a significant positive correlation, as shown in Figure 3(d) . The HQI of the fourth experiment was only 112, and H was also significantly affected by phytoplankton density and species number. However, the field experiment results had shown that the species number was less (nine species) and the density distribution was not uniform (the maximum density value accounts for 26% of the total density). In the three sections of Shaying River upstream, the species diversity in the D2 section was relatively poor, mainly because of the poor However, only six species of phytoplankton were detected in the second experiment, and the maximum density (Phormidium tenus) accounted for 56.3% of the total density values.
The extremely uneven distribution of density will result in low species diversity. The Pearson correlation analysis method was used to analyze the impact factors on the species diversity indices, as shown in Table 7 . COD Cr is the main environmental impact factor in the D1 and D3 sections of Table 7 , and the higher COD Cr indicates that the organic pollution was more serious, possibly from pesticides, chemical plants, and organic fertilizer, which could cause persistent toxicity for aquatic organisms and the destruction of river ecosystems after the death of aquatic organisms. Therefore, we need to prevent organic pollutants from draining into these sections and improve the habitat environment of rivers.
Shaying River midstream and downstream
The D5 section was affected by TN, NH 4 -N and EC, and these factors are negatively correlated with H in Figure 3 (a). The concentrations of TN and NH 4 -N in the first experiment were significantly higher than in the other experiments, and this led to poor species diversity in the D5 section of the first experiment. Based on the results in Table 7 and Figure 3, Table 7 and Figure 3 , comprehensive measures should be taken to improve species diversity in the middle reaches of Shaying River, such as restoring the natural condition of the river channel and reducing the pollutants in the water.
Huai River mainstream
The species diversity was the worst (only 1.5) for the D9 section in the fourth experiment (in Table 6 ). The main reasons were that H and HQI were positively correlated, but negatively correlated with the species number and density of phytoplankton and COD Cr (in Figure 3) , both HQI and COD Cr were larger, and the distribution of density values of phytoplankton was very uneven. In addition, there was a significant negative correlation between species diversity and WT in the D10 section (Table 7) , and this also led to better species diversity in winter than in summer, mainly due to the high temperature in summer, resulting in a large number of species, although the distribution of species was uneven. Combined with the calculation results in Table 7 and Figure 3 , measures for controlling WT, improving river habitat environment and reducing the pollutant content should be adopted to improve species diversity in the Huai River mainstream.
CONCLUSIONS
We sampled phytoplankton, zooplankton, zoobenthos and water physicochemical variables to research the impact factors for species diversity. This study can be regarded as a baseline survey for the future aquatic biological system and related ecological restoration in the HRB. Results showed the following:
(1) The species diversity of the Shaying River upstream and Huai River mainstream was better than Shaying River midstream and downstream. The species diversity of the D4 section was worst in the fifth experiment, and the species diversity of the D1 section was best in the first experiment.
(2) In the first experiment, H had the most obvious positive correlation with pH, HQI and DO, and was significantly negatively correlated with zooplankton density and species number; in the second experiment, However, the relationships between diversity index and physicochemical variables are relatively complex, and thus, we will carry out more field experiments in the future, and collect more experimental data to analyze the relationships between them in more detail.
